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(57) ABSTRACT 
Methods and compositions are provided for planariZing a 
substrate surface With reduced or minimal topographical 
defect formation during a polishing process for dielectric 
materials. In one aspect a method is provided for polishing 
a substrate containing tWo or more dielectric layers, such as 
silicon oxide, silicon nitride, silicon oXynitride, With at least 
one processing step using a ?xed-abrasive polishing article 
as a polishing article. The processing steps may be used to 
remove all, substantially all, or a portion of the one or more 
dielectric layers, Which may include removal of the topog 
raphy, the bulk dielectric, or residual dielectric material of a 

(21) Appl. No.: 10/693,683 dielectric layer in tWo or more steps. 
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POLISHING PROCESSES FOR SHALLOW 
TRENCH ISOLATION SUBSTRATES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. provisional 
patent application serial No. 60/421,444, ?led Oct. 25, 2002, 
Which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates generally to the fabrication of 
semiconductor devices and to polishing and planariZing of 
substrates. 

[0004] 2. Description of the Related Art 

[0005] Reliably producing sub-half micron and smaller 
features is one of the key technologies for the neXt genera 
tion of very large-scale integration (VLSI) and ultra large 
scale integration (ULSI) of semiconductor devices. HoW 
ever, the shrinking dimensions of interconnects in VLSI and 
ULSI technology has placed additional demands on the 
processing capabilities. The multilevel interconnects that lie 
at the heart of this technology require precise processing of 
high aspect ratio features, such as vias, contacts, lines, and 
other interconnects. Reliable formation of these intercon 
nects is important to VLSI and ULSI success and to the 
continued effort to increase circuit density and quality of 
individual substrates and die. 

[0006] Multilevel interconnects are formed by the sequen 
tial deposition and removal of materials from the substrate 
surface to form features therein. As layers of materials are 
sequentially deposited and removed, the uppermost surface 
of the substrate may become non-planar across its surface 
and require planariZation prior to further processing. Pla 
nariZing a surface, or “polishing” a surface, is a process 
Where material is removed from the surface of the substrate 
to form a generally even, planar surface. PlanariZation is 
useful in removing eXcess deposited material and in remov 
ing undesired surface topography and surface defects, such 
as rough surfaces, agglomerated materials, crystal lattice 
damage, scratches, and contaminated layers or materials to 
provide an even surface for subsequent processing. 

[0007] Chemical mechanical planariZation, or chemical 
mechanical polishing (CMP), is a common technique used 
to planariZe substrates. In conventional CMP techniques, a 
substrate carrier or polishing head is mounted on a carrier 
assembly and positioned in contact With a polishing media 
in a CMP apparatus. The carrier assembly provides a con 
trollable pressure to the substrate urging the substrate 
against the polishing media. The substrate and polishing 
media are moved in a relative motion to one another. 

[0008] A polishing composition is provided to the polish 
ing media to effect chemical activity in removing material 
from the substrate surface. The polishing composition may 
contain abrasive material to enhance the mechanical activity 
betWeen the substrate and polishing media. Thus, the CMP 
apparatus effects polishing or rubbing movement betWeen 
the surface of the substrate and the polishing media While 
dispersing a polishing composition to effect both chemical 
activity and mechanical activity. The chemical and mechani 
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cal activity removes eXcess deposited materials as Well as 
planariZing a substrate surface. 

[0009] Chemical mechanical polishing may be used in the 
fabrication of shalloW trench isolation (STI) structures. STI 
structures may be used to separate transistors and compo 
nents of a transistor, such as source/drain junctions or 
channel stops, on a substrate surface during fabrication. STI 
structures can be formed by depositing a series of dielectric 
materials and polishing the substrate surface to remove 
eXcess or undesired dielectric materials. An eXample of a 
STI structure includes depositing a silicon nitride layer on an 
oXide layer formed on a silicon substrate surface, patterning 
and etching the substrate surface to form a feature de?nition, 
depositing a silicon oXide ?ll of the feature de?nitions, and 
polishing the substrate surface to remove eXcess silicon 
oXide to form a feature. The silicon nitride layer may 
perform as a barrier layer, a hard mask during etching of the 
features in the substrate and/or as a polishing stop during 
subsequent polishing processes. Such STI fabrication pro 
cesses require polishing the silicon oXide layer to the silicon 
nitride layer With a minimal amount of silicon nitride 
removed during the polishing process in order to prevent 
damaging of the underlying materials, such as oXide and 
silicon. 

[0010] The STI substrate is typically polished using con 
ventional, abrasive-free, polishing media and an abrasive 
containing polishing slurry. HoWever, polishing STI sub 
strates With conventional polishing articles and abrasive 
containing polishing slurries has been observed to result in 
overpolishing of the substrate surface and forming recesses 
in the STI features and other topographical defects such as 
microscratches on the substrate surface. This phenomenon 
of overpolishing and forming recesses in the STI features is 
referred to as dishing. Dishing is highly undesirable because 
dishing of substrate features may detrimentally affect device 
fabrication by causing failure of isolation of transistors and 
transistor components from one another resulting in short 
circuits. Additionally, overpolishing of the substrate may 
also result in nitride loss and eXposing the underlying silicon 
substrate to damage from polishing or chemical activity, 
Which detrimentally affects device quality and performance. 

[0011] FIGS. 1A-1C are schematic diagrams illustrating 
the phenomena of dishing and nitride loss. FIG. 1A shoWs 
an eXample of a patterned STI substrate With a substrate 10, 
having a thermal oXide layer 10 disposed thereon, a polish 
ing/etch stop layer 20, such as silicon nitride, disposed on 
the thermal oXide layer 15, and patterned to have feature 
de?nitions 35. The feature de?nitions 35 are then ?lled With 
a dielectric ?ll material 30, such as a silicon oXide material, 
With eXcess dielectric ?ll material 40 formed over the feature 
de?nitions 35 and silicon nitride layer 20. 

[0012] FIG. 1B illustrates the phenomena of dishing 
observed With polishing by conventional techniques to 
remove the eXcess dielectric ?ll material 40. During polish 
ing of the silicon oXide material 30 to the silicon nitride layer 
20, the silicon oXide material 30 may be overpolished to 
remove any residual dielectric ?ll material 30, Which may 
result in surface defects, such as recesses 45, formed in the 
dielectric ?ll material 30 in the feature de?nitions 35. The 
amount of dishing 50 from the desired amount of dielectric 
?ll material 30 in the feature de?nitions 35 is represented by 
dashed lines. 
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[0013] FIG. 1C illustrates nitride loss from the surface of 
the silicon nitride layer 20 from excess polishing of the 
substrate surface With conventional polishing processes. 
Silicon nitride loss may take the form of excess removal of 
silicon nitride, or “thinning” of the silicon nitride layer, from 
the desired amount 60 of silicon nitride. Silicon nitride loss 
may also be premature removal of the silicon nitride layer 
and exposing the underlying oxide layer 15 and substrate 
material 10. The silicon nitride loss may render the silicon 
nitride layer 30 unable to prevent or limit damage to or 
contamination of the underlying substrate material during 
polishing or subsequent processing. 

[0014] STI polishing With ?xed-abrasive polishing articles 
have shoWn reduced dishing and improved polishing uni 
formity compared With conventional slurry polishing pro 
cesses. A?xed-abrasive polishing article generally contains 
?xed-abrasive particles held in a containment media, or 
binder, Which provides mechanical activity to the substrate 
surface, along With a plurality of geometric abrasive com 
posite elements adhered to the containment media. HoW 
ever, conventional ?xed-abrasive polishing processes have 
an inherently loW removal rate of oxide material thereby 
increasing polishing times and reducing substrate through 
put. Increased processing time may also occur in conven 
tional deposition processes that use excess material deposi 
tion on the substrate surface, referred to as over?ll, to ensure 
?ll of features formed in the substrate surface. 

[0015] Several approaches have been examined for limit 
ing the extent of oxide over?ll in forming STI features for 
improved processing throughput. One approach includes 
using multiple deposition, for example high density plasma 
chemical vapor deposition (HDP CVD) and etching steps to 
deposit, etch back, and re-?ll substrate features. Another 
approach uses a sputter or etching process to thin the over?ll 
deposited on the substrate surface. Other approaches include 
using a post deposition Wet etch process to etch the oxide 
?lm so that there is still topography remaining for use With 
?xed-abrasive polishing articles. HoWever, these processes 
have been observed to increase integration complexity and 
also have increased processing times and reduced substrate 
throughput. 

[0016] Therefore, there exists a need for a method and 
polishing composition that facilitates the removal of dielec 
tric materials With minimal or reduced defect formation 
during polishing of a substrate surface. 

SUMMARY OF THE INVENTION 

[0017] Aspects of the invention generally provide a 
method and composition for planariZing a substrate surface 
With reduced or minimal defects in surface topography. In 
one aspect, a method is provided for processing a substrate 
including providing a substrate comprising a ?rst dielectric 
material disposed on a second dielectric material, polishing 
the substrate With a ?rst polishing composition and a abra 
sive-free polishing article until bulk ?rst dielectric material 
is substantially removed, and polishing the substrate With a 
second polishing composition and a ?xed-abrasive polishing 
article to remove residual ?rst dielectric material formed 
thereon. 

[0018] In another aspect, a method is provided for pro 
cessing a substrate including providing a substrate compris 
ing a ?rst dielectric material disposed on a second dielectric 
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material, Wherein the surface of the ?rst dielectric material 
has a non-planar topography, polishing the substrate With a 
?rst polishing composition and a ?rst ?xed-abrasive polish 
ing article to remove at least the topography of the ?rst 
dielectric material, polishing the substrate With a second 
polishing composition and a abrasive-free polishing article 
until bulk ?rst dielectric material is substantially removed; 
and polishing the substrate With a third polishing composi 
tion and a second ?xed-abrasive polishing article to remove 
residual ?rst dielectric material formed thereon. 

[0019] In another aspect, a method for processing a sub 
strate is provided including providing a substrate comprising 
a ?rst dielectric material disposed on a second dielectric 
material, Wherein the surface of the ?rst dielectric material 
has a non-planar topography, polishing the substrate With a 
?rst polishing composition and a ?rst ?xed-abrasive polish 
ing article to remove at least the topography of the ?rst 
dielectric material, polishing the substrate With a second 
polishing composition and a second ?xed-abrasive polishing 
article until bulk ?rst dielectric material is substantially 
removed, and polishing the substrate With a third polishing 
composition and a third ?xed-abrasive polishing article to 
remove residual ?rst dielectric material formed thereon. 

[0020] In another aspect, a method is provided for pro 
cessing a substrate including providing a substrate compris 
ing a ?rst dielectric material disposed on a second dielectric 
material, Wherein the surface of the ?rst dielectric material 
has a non-planar topography, polishing the substrate With a 
?rst polishing composition and a ?rst polishing article to 
remove at least the topography of the ?rst dielectric material, 
polishing the substrate With a second polishing composition 
and a second polishing article until bulk ?rst dielectric 
material is substantially removed, and polishing the sub 
strate With an abrasive-containing polishing composition 
and a hard polishing article to remove residual ?rst dielectric 
material formed thereon. 

[0021] In another aspect, a method is provided for pro 
cessing a substrate including providing a substrate compris 
ing a ?rst dielectric material disposed on a second dielectric 
material, Wherein the surface of the ?rst dielectric material 
has a non-planar topography, polishing the substrate With a 
?rst polishing composition and an abrasive-free polishing 
article to remove at least the topography of the ?rst dielectric 
material, polishing the substrate With a second polishing 
composition and a ?rst ?xed-abrasive polishing article until 
bulk ?rst dielectric material is substantially removed, and 
polishing the substrate With a third polishing composition 
and a second ?xed-abrasive polishing article to remove 
residual ?rst dielectric material formed thereon. 

[0022] In another aspect, a method is provided for pro 
cessing a substrate including providing a substrate compris 
ing a ?rst dielectric material disposed on a second dielectric 
material, Wherein the surface of the ?rst dielectric material 
has a non-planar topography, polishing the substrate With a 
?rst polishing composition and a ?xed-abrasive polishing 
article to remove at least the topography of the ?rst dielectric 
material, and polishing the substrate With a second polishing 
composition and a abrasive-free polishing article until bulk 
?rst dielectric material is substantially removed. 

[0023] In another aspect, a method is provided for pro 
cessing a substrate including providing a substrate compris 
ing a ?rst dielectric material disposed on a second dielectric 
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material, wherein the surface of the ?rst dielectric material 
has a non-planar topography, polishing the substrate With a 
?rst polishing composition and a ?rst polishing article to 
remove at least the topography of the ?rst dielectric material, 
polishing the substrate With a second polishing composition 
and a second polishing article until bulk ?rst dielectric 
material is substantially removed, and polishing the sub 
strate With an abrasive-containing polishing composition 
and a abrasive-free polishing article to remove residual ?rst 
dielectric material formed thereon. 

[0024] In another aspect, the surface of ?xed-abrasive 
polishing articles may be altered or modi?ed With a non 
mechanical technique selected from the group of applying 
heat to the polishing article, chemical etching the polishing 
article, or combinations thereof, to increase abrasive dis 
charge from the ?xed-abrasive polishing article prior to or 
during a polishing step or process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] So that the manner in Which the above recited 
features are attained and can be understood in detail, a more 
particular description of the invention, brie?y summarized 
above, may be had by reference to the embodiments thereof 
Which are illustrated in the appended draWings. 

[0026] It is to be noted, hoWever, that the appended 
draWings illustrate only typical embodiments of this inven 
tion and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective 
embodiments. 

[0027] FIGS. 1A-1C are schematic diagrams illustrating 
the phenomena of dishing and nitride loss; 

[0028] FIGS. 2A-2C are schematic diagrams illustrating 
one embodiment of a tWo-step polishing process; 

[0029] FIGS. 3A-3D are schematic diagrams illustrating 
one embodiment of a three-step polishing process. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0030] In general, aspects of the invention provide com 
positions and methods for planariZing a substrate surface 
With reduced or minimal defects in surface topography. The 
invention Will be described beloW in reference to a planariZ 
ing process for the removal of dielectric material, such as 
silicon containing materials, from a substrate surface by 
chemical mechanical planariZation, or chemical mechanical 
polishing (CMP) technique. Chemical mechanical polishing 
is broadly de?ned herein as polishing a substrate by a 
combination of chemical and mechanical activity. 

[0031] The planariZing processes described herein may be 
performed by chemical mechanical polishing processing 
equipment, such as the Re?exionTM polishing system, the 
Mirra®) polishing system, and the Mirra® MesaTM polish 
ing system, all of Which are available from Applied Mate 
rials, Inc., of Santa Clara, Calif. The Re?exionTM polishing 
system is a linear polishing system more fully described in 
US. Pat. No. 6,244,935, and entitled, “Apparatus And 
Methods For Chemical Mechanical Polishing With An 
Advanceable Polishing Sheet,” the entirety of Which is 
incorporated herein by reference to the extent not inconsis 
tent With the invention. The Mirra® polishing system is 
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further described in US. Pat. No. 5,738,574, and entitled, 
“Continuous Processing System for Chemical Mechanical 
Polishing,” the entirety of Which is incorporated herein by 
reference to the extent not inconsistent With the invention. 

[0032] Although the processes and compositions 
described herein may be referenced for use in the three 
platen Re?exionTM polishing system or Mirraupolishing 
system, any system enabling chemical mechanical polishing 
using the composition or processes described herein can be 
used to advantage. Examples of other suitable apparatus 
include orbital polishing systems and other linear polishing 
systems using a sliding or circulating polishing belt or 
similar device. 

[0033] Chemical Mechanical Polishing Process 

[0034] Aspects of the invention provide polishing meth 
ods and compositions to planariZe a substrate surface With 
reduced or minimal topographical defect formation during a 
polishing process for dielectric materials. Generally, meth 
ods are provided for polishing a substrate containing tWo or 
more dielectric layers, such as silicon oxide, silicon nitride, 
silicon oxynitride, With at least one processing step using a 
?xed-abrasive polishing article as a polishing article. The 
processing steps may be used to remove all, substantially all 
or a portion of the one or more dielectric layers. For 
example, a processing step using a ?xed-abrasive polishing 
article may be used to remove the topography, the bulk 
dielectric, and/or residual dielectric material of a dielectric 
layer. 
[0035] Topography is broadly de?ned herein as any pro 
jections or recessions formed at the exposed surface of a 
dielectric material, Which provides a non-planar surface. For 
example, high density plasma (HDP) chemical vapor depo 
sition of silicon oxide may produce an exposed surface 
containing peaks of material extending above the bulk 
silicon oxide material. Bulk dielectric material is broadly 
described herein as dielectric material deposited on the 
substrate in an amount more than sufficient to substantially 
?ll features formed on the substrate surface. The bulk 
dielectric material may also be referred to as over?ll mate 
rial or blanket material. Residual dielectric material is 
broadly de?ned as any bulk dielectric material remaining 
after one or more polishing process steps as Well as the 
residue of any additional materials from layers disposed 
beloW the bulk dielectric material. Residual conductive 
material may partially or completely cover the surface a 
substrate. For example, residual material may cover about 
25% or less of the surface area of the substrate. In another 
example, residual material may comprise about 25% or less 
of the originally deposited dielectric material, such as about 
1000 A remaining after a polishing step on 4000 A of 
dielectric material. 

[0036] TWo-Step Polishing 
[0037] Asubstrate may be polished in a tWo-step polishing 
process using a ?xed-abrasive polishing article for at least 
one of the polishing steps. 

[0038] FIGS. 2A-2C illustrate one embodiment of a tWo 
step polishing process. A substrate 100 having a patterned 
feature de?nitions 135 formed in a material layer 110, such 
as a polysilicon material or doped polysilicon layer, an oxide 
layer 115, such as silicon oxide, and a polishing/etch stop 
layer 120, such as a dielectric barrier or etch stop material, 
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is subjected to a bulk deposition of a dielectric ?ll material 
130 on the substrate surface in a suf?cient amount to ?ll 
features de?nitions 135. The dielectric ?ll material is a ?rst 
dielectric material, such as silicon oxide, and the dielectric 
barrier or etch stop material is a second dielectric material, 
such as silicon nitride. 

[0039] The deposited dielectric ?ll material 130 generally 
has an excess material deposition 145 of bulk dielectric 
material, that has an uneven surface topography 140 With 
peak and recesses typically formed over feature de?nitions 
135 having varying Widths as shoWn in FIG. 2A. Dielectric 
?ll material 130 is then polished in a ?rst polishing step to 
remove the bulk of the dielectric ?ll material 130 over the 
barrier layer 120 as shoWn in FIG. 2B. The remaining 
dielectric ?ll material, residual dielectric material 150, is 
then polished in a second polishing step to form a planariZed 
surface With isolated features 160 as shoWn in FIG. 2C. 

[0040] In one embodiment of a tWo-step polishing pro 
cess, a substrate having a ?rst dielectric material, such as 
silicon oxide, disposed on a second dielectric material, such 
as silicon nitride, may be ?rst polished With a ?rst polishing 
composition and a abrasive-free polishing article to remove 
or substantially remove the bulk of the ?rst dielectric 
material, and then be polished With a second polishing 
composition and a ?xed-abrasive polishing article to remove 
any residual ?rst dielectric material disposed on the sub 
strate surface. 

[0041] The ?rst polishing step involves polishing the 
substrate With an abrasive-containing polishing composi 
tion, for example, silica or ceria slurry, on an abrasive-free 
polishing article to remove most of the topography and the 
bulk ?rst dielectric material. An example of an abrasive-free 
polishing article is the IC-1000 polishing article commer 
cially available from Rodel Inc., of Phoenix AriZ. 

[0042] For example, the substrate may be polished With a 
silica slurry or ceria slurry on a conventional polishing 
article With the polishing to remove about 80% of the 
dielectric ?ll material 130, and ending When there is 
approximately 20% of residual dielectric material 150 
remaining. The ?rst polishing composition may be a non 
selective or loW selectivity polishing composition. Selectiv 
ity is broadly de?ned herein as the preferential removal of 
one material in comparison to another material and is 
typically denoted as a removal rate ratio betWeen a ?rst 
material and second, or subsequent, materials. 

[0043] The second polishing step may include polishing a 
substrate With an abrasive-free polishing composition and a 
?xed-abrasive polishing article. The ?xed-abrasive polish 
ing article may be a high removal rate ?xed-abrasive Web 
material, for example, the SWR-521 ?xed-abrasive polish 
ing article, commercially available from 3M of Minneapolis, 
Minn. The abrasive-free polishing composition may be a 
high selectivity polishing composition to terminate the pol 
ishing process Without removal of the second dielectric 
material. One example of a polishing composition for use 
With ?xed-abrasive polishing articles is a proline or I-proline 
containing polishing composition Which is more fully 
described in co-pending US. patent application Ser. No. 
10/074,345 [Atty. Docket No. 6075/CMP/CMP/RLKK], 
?led on Feb. 12, 2002, and entitled “STI Polish Enhance 
ment Using Fixed Abrasives With Amino Acid Additives”, 
Which is incorporated herein by reference to the extent not 
inconsistent With the disclosure and claimed aspects herein. 
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[0044] Alternatively, the tWo-step method may comprise a 
?rst polishing step to remove the topography on the sub 
strate surface by polishing the substrate With a ?rst compo 
sition and a ?xed-abrasive polishing article, and then pol 
ishing the substrate With a second polishing composition and 
an abrasive-free polishing article to remove or substantially 
remove the ?rst dielectric material. 

[0045] The ?xed-abrasive polishing article may include a 
hard resin ?xed-abrasive Web, for example, SWR-159 or 
SWR-521, commercially available from 3M of Minneapolis, 
Minn. The ?rst polishing composition is generally an abra 
sive-free polishing composition and may also be a loW 
selective or high selective polishing composition. The initial 
polishing composition may also include additives, such as 
surfactants, to enhance removal or reduction of peaks or 
protuberances extending above the surface of the ?rst dielec 
tric material in order to more effectively remove topography. 

[0046] The second polishing step involves polishing the 
substrate With an abrasive-containing polishing composi 
tion, for example, a silica slurry, on a conventional, abrasive 
free polishing article to remove the ?rst dielectric material. 
The second polishing composition may be a non-selective or 
loW selectivity polishing composition. 

[0047] Three-Step Polishing 

[0048] The tWo-step polishing processes described above 
may be modi?ed to perform a three-step polishing process 
by providing an initial processing step to remove topography 
on the substrate surface prior to removing the bulk of the 
dielectric material. 

[0049] FIGS. 3A-3D illustrate one embodiment of a three 
step polishing process. A substrate 200 having a patterned 
feature de?nitions 235 formed in a material layer 210, such 
as a polysilicon material or doped polysilicon layer, an oxide 
layer 215, such as silicon oxide, and a polishing/etch stop 
layer 220, such as a dielectric barrier or etch stop material, 
is subjected to a bulk deposition of a dielectric ?ll material 
230 on the substrate surface in a suf?cient amount to ?ll 
features de?nitions 235. The dielectric ?ll material 230 is a 
?rst dielectric material, such as silicon oxide, and the 
dielectric barrier or etch stop material of the polishing/etch 
stop layer 220 is a second dielectric material, such as silicon 
nitride. 

[0050] The deposited dielectric ?ll material 230 generally 
has an excess material deposition 245 of bulk dielectric 
material, that has an uneven surface topography 240 With 
peak and recesses typically formed over feature de?nitions 
235 having varying Widths as shoWn in FIG. 3A. The 
dielectric ?ll material 230 is then polished in a ?rst polishing 
step to substantially remove the topography 240 formed on 
the surface of the dielectric ?ll material 230 to provide a 
substantially planariZed surface 255 as shoWn in FIG. 3B. 
Some topography, such as material deposited over large 
features, may have valleys that extend substantially into the 
dielectric ?ll material 230 and may not be removed by the 
topography 240 polishing step. The dielectric ?ll material 
230 is then polished in a second polishing step to remove the 
bulk of the dielectric material, over the barrier layer 220 as 
shoWn in FIG. 3C. The remaining dielectric ?ll material, 
residual dielectric material 250 is then polished in a third 
polishing step to form a planariZed surface With isolated 
features 260 as shoWn in FIG. 3D. 
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[0051] In one embodiment, the initial polishing step may 
include polishing the substrate With an initial step polishing 
composition With a ?xed-abrasive polishing article to 
remove all or substantially all of the topography 240. The 
?xed-abrasive polishing article may include a hard resin 
?xed-abrasive Web, for example, SWR-159, commercially 
available from 3M of Minneapolis, Minn. The initial pol 
ishing composition is generally an abrasive-free polishing 
composition as described above and may also be a loW 
selective or high selective polishing composition as 
described herein. The initial polishing composition may also 
include additives, such as surfactants, to enhance removal or 
reduction of peaks or protuberances extending above the 
surface of the ?rst dielectric material in order to more 
effectively remove topography. 

[0052] The remaining dielectric material 230 may be 
polished With the tWo-step polishing process described 
above as second and third polishing steps of the three-step 
polishing process. For example, referring to the tWo-step 
processes described above, the second polishing step 
involves polishing the substrate With a conventional abra 
sive-containing polishing composition, for example, a silica 
slurry or a ceria slurry, on an abrasive-free polishing article 
to remove most of the topography 240 and the bulk ?rst 
dielectric material 230. For example, the substrate may be 
polished With a silica slurry or ceria slurry on a conventional 
polishing article With the polishing to remove about 80% of 
the dielectric ?ll material 130, and ending When there is 
approximately 20% of residual dielectric material 150 
remaining. The ?rst polishing composition may be a non 
selective or loW selectivity polishing composition. 

[0053] The third polishing step may include polishing a 
substrate With an abrasive-free polishing composition and a 
?xed-abrasive polishing article. The ?xed-abrasive polish 
ing article may be a high removal rate ?xed-abrasive Web 
material, for example, the SWR-521 ?xed-abrasive polish 
ing article, commercially available from 3M of Minneapolis, 
Minn. The abrasive-free polishing composition may be a 
high selectivity polishing composition to terminate the pol 
ishing process Without removal of the second dielectric 
material. 

[0054] In another embodiment, a three-step polishing pro 
cess is used to polish the substrate surface. The ?rst step 
removes the topography on the substrate surface by polish 
ing the substrate With a ?rst composition and a ?rst ?xed 
abrasive polishing article. The ?rst ?xed-abrasive polishing 
article may include a hard resin ?xed-abrasive Web, for 
example, SWR-159, commercially available from 3M of 
Minneapolis, Minn. The ?rst polishing composition is gen 
erally an abrasive-free polishing composition and may also 
be a loW selective or high selective polishing composition. 
The initial polishing composition may also include addi 
tives, such as surfactants, to enhance removal or reduction of 
peaks or protuberances extending above the surface of the 
?rst dielectric material in order to more effectively remove 
topography. Alternatively, the ?rst polishing step may be 
performed by polishing the substrate With an abrasive 
containing composition, such as silica or ceria slurry 
described herein, and an abrasive-free polishing article. 

[0055] The second and third polishing steps may 
include polishing a substrate With an abrasive-free 
polishing composition and a ?xed-abrasive polishing 
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article to remove any remaining ?rst dielectric mate 
rial. The ?xed-abrasive polishing article for the sec 
ond and third polishing steps may be a high removal 
rate ?xed-abrasive Web material, for example, the 
SWR-521 ?xed-abrasive polishing article, commer 
cially available from 3M of Minneapolis, Minn. The 
second and third ?xed-abrasive polishing articles 
that are used in the second and third polishing steps 
may be the same or different polishing articles, but 
are preferably adapted or designed to deliver higher 
?rst dielectric removal rates than the ?rst ?xed 
abrasive polishing article used in the ?rst processing 
step. Multi-step polishing processes may be needed 
that aggressively condition the ?xed-abrasive pol 
ishing article in the ?rst step before removing the 
blanket oxide. 

[0056] The ?rst, second, and third polishing compositions 
may be abrasive-free or abrasive-containing polishing com 
positions. The ?rst, second, and third polishing composi 
tions may be a loW selective or high selective polishing 
composition for improved process stability and for the 
ability to end polishing on the second dielectric material. 

[0057] The process steps described herein may be per 
formed on one or more platens, for example each separate 
polishing step is performed on separate platens or multiple 
steps may be performed on the same platen. 

[0058] Alternative Polishing Techniques 

[0059] The polishing process described herein may be 
enhanced by additional processing techniques. Polishing 
steps using ?xed-abrasive polishing articles may include a 
polishing composition containing abrasive particles. The 
presence of abrasive particles in the polishing composition 
is believed to increase the removal rate of the bulk ?rst 
dielectric material. The abrasives may be silica or ceria, 
Which may be added in conjunction With the ?rst polishing 
composition, or may be another polishing composition used 
instead of the ?rst polishing composition. The abrasive 
containing composition may also be a high selective slurry. 

[0060] In addition, the polishing processes using ?xed 
abrasive polishing articles may be modi?ed by a non 
mechanical technique to enhance erosion of the binder 
material containing the abrasive particles of the ?xed 
abrasive polishing articles. Examples of such techniques 
include applying energy, for example heating, to the polish 
ing article, applying etching or reactive chemicals to the 
polishing articles, or combinations thereof, to increase abra 
sive discharge from the binder material. Techniques may be 
applied to increase abrasives by modifying the polishing 
conditions, such as contact pressure betWeen the substrate 
and polishing article or relative rotational rates betWeen the 
substrate and polishing article, or polishing compositions to 
increase abrasive discharge from the binder material. 

[0061] In another aspect, polishing the ?rst dielectric layer 
With a ?xed-abrasive article to remove the topography as 
described herein may further include conditioning the pol 
ishing article using an article conditioning mechanism to 
improve polishing removal rate. A hard resin ?xed-abrasive 
Web, for example, SWR-159, commercially available from 
3M of Minneapolis, Minn., Which may be used to remove 
the topography is more resistant to binder erosion that other 
?xed-abrasive articles. Mechanical activity, such as condi 
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tioning, or other non-mechanical activity as described 
herein, may be applied to enhance erosion of the binder 
material, Which allows an increase in abrasives for polishing 
and an increase in polishing removal rate of substrate 
material, such as the ?rst dielectric material. 

[0062] The polishing article for the topography step 
removal may be conditioned either periodically or as nec 
essary to increase or maintain polishing removal rates. 
Conditioning of the polishing article may be performed prior 
to or during all or part of the time of a polishing process. A 
high removal rate at this step is believed to remove topog 
raphy, Which topography can affect polishing ability of 
subsequent steps, and begin removing a portion of the 
remaining bulk ?rst dielectric material. For example, if an 
acceptable removal rate is achieved over a series of substrate 
polishing, then no conditioning may be applied, hoWever, if 
the removal rate decreases, then conditioning is performed 
again to increase the removal rate to the acceptable rate. 
Conditioning may be accomplished by a physical device like 
a conditioning disk or may be achieved by polishing a 
substrate that has topography that is more aggressive than 
the actual substrates being processed. In addition, the pol 
ishing article may be conditioned by adjusting processing 
parameters to provide the desired erosion rate of the binder 
material for the desired removal rate, for example, increased 
contact pressure betWeen the substrate and polishing article 
or decreased rotational rates of the substrate and polishing 
article than normally used. 

[0063] Additionally, defect formation from polishing 
residual material With a ?xed-abrasive polishing article may 
be minimiZed by mechanical actions, such as a soft-landing 
approach or a high speed, loW pressure dechuck of the 
substrate from the polishing article. 

[0064] Alternatively, the three polishing step processes 
described herein may be modi?ed to provide a third polish 
ing step using an abrasive-containing polishing composition, 
such as silica or ceria slurry, on a hard polishing article. A 
hard polishing material is broadly described herein as a 
polishing material having a polishing surface of a hardness 
of about 50 or greater on the Shore D Hardness scale for 
polymeric materials as described and measured by the 
American Society for Testing and Materials (ASTM), head 
quartered in Philadelphia, Pa. The hard polishing article may 
include a polymeric material, i.e., plastic, or foam, such as 
polyurethane or polyurethane mixed With a ?ller material, 
and are usually free of abrasive particles. Examples of hard 
polishing articles includes the IC-1000 and IC-1010 polish 
ing article from Rodel Inc., of Phoenix, AriZ. 

[0065] Additionally, a polishing process using an abra 
sive-containing polishing composition, such as silica or 
ceria slurry, on a non-abrasive polishing article may be 
performed after processing steps using a ?xed-abrasive 
polishing step. This additional polishing step may be per 
formed after each ?xed-abrasive polishing step or after the 
?nal ?xed-abrasive polishing step of a process. 

[0066] The ?xed-abrasive polishing article polishing 
enhancement process techniques described herein may be 
used to enhance other knoW polishing processes using 
?xed-abrasive polishing articles. Additional suitable pro 
cesses that may be enhanced by the processes described 
herein include the commonly oWned polishing processes 
disclosed in US. Pat. No. 5,897,426, entitled, “Chemical 
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Mechanical Polishing With Multiple Polishing articles,” 
US. Pat. No. 6,435,945, entitled, “Chemical Mechanical 
Polishing With Multiple Polishing articles,” and US. Pat. 
No. 6,435,935, and entitled, “Chemical Mechanical Polish 
ing Processes and Components,” the entirety of Which are 
incorporated herein by reference to the extent not inconsis 
tent With the invention. 

[0067] The processes described herein are believed to 
effectively remove the ?rst dielectric materials, such as 
oxide, With less variation and defect formation on substrates 
have different pattern densities and different feature siZes as 
Well as reduce overall polishing time for a process and 
reduce polishing time of individual polishing steps that are 
performed as reduced removal rates compared to conven 
tional polishing. 

[0068] Selective Polishing Compositions 
[0069] The polishing steps described herein may use non 
selective, loW selectivity compositions or slurries (LSS), and 
high selectivity compositions or slurries (HSS) to remove 
dielectric material, such as silicon oxide, from the substrate 
surface. The loW selectivity compositions and the high 
selectivity compositions may be Prestonian or non-Presto 
nian compositions. Prestonian compositions are broadly 
de?ned as slurries that have a removal rate proportional to 
both the contact pressure betWeen the substrate and platen 
and the rotational speed of the platen. Non-Prestonian com 
positions have removal rates that are not proportional to the 
polishing pressure and the rotational speed. For example, a 
non-Prestonian composition may have a linear correlation 
betWeen removal rate and polishing pressure, but may reach 
a range of polishing pressures, typically at decreasing pol 
ishing pressures, Which results in no noticeable removal of 
material from the substrate surface. 

[0070] While the folloWing loW selectivity compositions 
and the high selectivity compositions are described as abra 
sive-containing compositions, the invention contemplates 
the use of abrasive-free loW selectivity compositions and the 
high selectivity compositions. An example of an abrasive 
free composition is described in co-pending U.S. patent 
application Ser. No. 10/074,345, ?led on Feb. 2, 2002, (Atty. 
Docket No. AMAT/6075) Which is incorporated by refer 
ence herein to the extent not inconsistent With the claimed 
aspects and disclosure herein. 

[0071] Non-selective compositions generally have com 
parable removal rates for all materials, such as approximate 
removal rates of about 1:1 for silicon oxide and silicon 
nitride. LoW selectivity compositions may have a selectivity 
of silicon oxide to silicon nitride betWeen greater than about 
1:1 and about 5:1, such as betWeen about 3:1 and about 4:1. 
Generally, the loW selectivity polishing compositions 
include an abrasive solution, a basic compound, such as 
ammonia or potassium hydroxide, and deioniZed Water. 

[0072] The loW selectivity polishing compositions may 
include betWeen about 10 Weight percent (Wt. %) and about 
30 Wt. % of an abrasive solution. The abrasive solutions may 
contain betWeen about 10 Weight percent (Wt. %) and about 
30 Wt. % of silica abrasive particles or betWeen about 0.5 
Weight percent (Wt. %) and about 5 Wt. % of ceria abrasive 
particles. An example of an abrasive particle is ceria With a 
particle siZe of about 300 nm or less in siZe. 

[0073] Examples of the loW selectivity polishing compo 
sitions include SS-12 (about 12 Wt. % abrasive silica par 
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ticles) and 55-25 (about 25 Wt. % abrasive silica particles), 
commercially available from Cabot Corp. of Aurora, Ill. and 
Klebosol, from Rodel Inc., of Phoenix, AriZ. 

[0074] The loW selectivity composition may also be 
diluted prior to use in polishing processes. For example, an 
abrasive solution containing 5 Wt. % ceria may be diluted to 
provide about 0.2 Wt. % of abrasive particles in the polishing 
composition. Another example of an abrasive solution is 
HS-8005, a ceria containing slurry, commercially available 
from Hitachi Chemical Co. Ltd., of Japan. 

[0075] High selectivity polishing compositions generally 
have a selectivity of silicon oxide to silicon nitride of greater 
than about 5:1, and preferably have a selectivity of about 
30:1 or greater, such as betWeen about 30:1 and about 50:1. 
The high selectivity compositions may include compositions 
having abrasive solutions, additives, and solvent. The abra 
sive solutions, additives, and solvent may be a ratio of 
X:Y:Z, With X=1 to 20, Y=0 to 20, and Z=0 to 20. Examples 
of high selectivity compositions having the ratio include 
1:2.2:0, 1:11:8, 1:6:3, and 1:12:7. The abrasive materials 
may be present in the high selectivity composition as 
described for the loW selectivity compounds described 
herein. 

[0076] High selective polishing compositions may be 
formed by having additives combined or mixed With abra 
sive solutions to form the. The additives typically comprise 
compounds that suppress polishing of the substrate surface 
to control the removal rate of oxide materials. Examples of 
additives include surfactants, such as polycarboxylate com 
pounds. For example, polycarboxylate-based additives may 
be used to inhibit polishing and loWer removal rates. An 
example of a suitable additive in a solution for use With the 
abrasive includes 8103GPE or 8102GP, commercially avail 
able from Hitachi Chemical Co. Ltd., of Japan. It is believed 
that additives as described herein suppress the removal rate 
of dielectric materials, such as silicon oxide and silicon 
nitride, and can be selected to selectively suppress removal 
of a particular material, such as silicon nitride, to provide the 
desired selectivity. 

[0077] The ratio of abrasive solutions to additives is 
generally betWeen about 1:1 and about 1:3, Which is 
approximate to an abrasive solution concentration betWeen 
about 30 volume percent (vol %) and about 50 vol % of the 
high selectivity polishing composition. The abrasive solu 
tion concentration may be considered equivalent to betWeen 
about 30 Weight percent (Wt. %) and about 50 Wt. %. A ratio 
of abrasive solution to additives of about 1:22 has been 
observed to be effective in selectively removing bulk and 
residual dielectric material from the surface of a substrate. 

[0078] The solvent may be any suitable solvent for a 
polishing composition, of Which Water, such as deioniZed 
Water, is used. The solvent and/or additive compounds may 
be used to dilute the high selectivity polishing compositions 
to have an abrasive solution concentration of about 50% or 
less of the initial step polishing composition. Dilution of the 
abrasive solution concentration alloWs for further reducing 
the formation of topographical defects, such as micros 
cratches, during polishing. 

[0079] Substrates that may be polished by the process 
described herein may include shalloW trench isolation struc 
tures formed in a series of dielectric layers, such as silicon 
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oxide disposed over a silicon nitride barrier layer as shoWn 
in FIG. 1. The invention contemplates polishing dielectric 
materials conventionally employed in the manufacture of 
semiconductor devices, for example, silicon dioxide, silicon 
nitride, and silicon oxynitride. The invention also contem 
plates the polishing of other dielectric materials, such as 
polysilicon, carbon doped silicon carbide, phosphorus 
doped silicon glass (PSG), boron-phosphorus-doped silicon 
glass (BPSG), and silicon dioxide derived from tetraethyl 
orthosilicate (TEOS), high density plasma chemical vapor 
deposition (HDP-CVD) silicon oxides (HDP oxides), silane 
by plasma enhanced chemical vapor deposition (PECVD) 
can be employed, and combinations thereof. 

[0080] One example of a substrate having at least a ?rst 
dielectric material deposited on a second dielectric material 
includes the ?rst dielectric material of silicon oxide depos 
ited to a thickness betWeen about 1000 A and about 10,000 
A, such as betWeen about 1000 A and about 6000 A on a 
second dielectric material, such aso silicon nitride deposited 
to a thickness betWeen about 200 A and about 2000 A, such 
as about 1000 A on the substrate surface. The second 
dielectric material may be deposited on an oxide layer, With 
the oxide layer having a thickness betWeen about 50 A and 
about 200 A, such as about 100 The bulk ?rst dielectric 
material is generally removed to a thickness of about 500 A 
over the underlying silicon nitride layer, and then a ?rst 
dielectric material residual removal process step is used to 
remove the remaining ?rst dielectric material. 

[0081] Polishing of the substrate surface may be per 
formed by the polishing conditions as folloWs. A contact 
pressure betWeen the substrate and the polishing article of 
about 10 psi or less, such as betWeen about 2 psi and about 
8 psi, for example betWeen about 3 psi and about 5 psi, at a 
substrate rotational rate and polishing article rotational rate 
betWeen about 20 rpms and about 200 rpms, such as betWeen 
about 50 rpms and about 120 rpms, for example 73 rpms for 
the substrate rotational speed and about 77 rpms for polish 
ing article rotational speed, for betWeen about 30 and about 
240 seconds may be used during polishing. The polishing 
compositions are delivered to the polishing article at a How 
rate of about 150 ml/min or greater. HoWever, processing 
parameters such as rotational speed, duration, and polishing 
pressure, Will vary based upon the material used and opera 
tor requirements. Additionally, the above described polish 
ing process is illustrative for use With the Mirra® Polishing 
system, and other processing conditions for other polishing 
apparatus, for example the Re?ectionTM Polishing System 
may be used to perform the processing described herein. 

[0082] Additionally, each polishing step may be folloWed 
With a polishing article and substrate rinse using deioniZed 
Water. The polishing step may also include a ?nishing step 
of deioniZed Water polish at 2 psi for 15 seconds, a second 
polishing composition polish at 2 psi for 5 seconds, or a 
second polishing composition polish at 2 psi for 5 seconds 
folloWed by a deioniZed Water polish at 2 psi for 10 seconds. 
Further, the substrate may be cleaned by polishing the 
substrate With a soft polishing article, such as a Politex 
article, using deioniZed Water, folloWing polishing of the 
substrate by a high selectivity polishing process. 

[0083] While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
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invention may be devised Without, departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 

What is claimed is: 
1. A method for processing a substrate, comprising: 

providing a substrate comprising a ?rst dielectric material 
disposed on a second dielectric material; 

polishing the substrate With a ?rst polishing composition 
and a abrasive-free polishing article until bulk ?rst 
dielectric material is substantially removed; and 

polishing the substrate With a second polishing composi 
tion and a ?Xed-abrasive polishing article to remove 
residual ?rst dielectric material formed thereon. 

2. The method of claim 1, Wherein the ?rst polishing 
composition comprises an abrasive-containing polishing 
composition. 

3. The method of claim 2, Wherein the ?rst polishing 
composition has a removal rate ratio of ?rst dielectric 
material to second dielectric material of betWeen about 1:1 
and about 5:1. 

4. The method of claim 1, Wherein the second polishing 
composition has a removal rate ratio of ?rst dielectric 
material to second dielectric material of about 30:1 or 
greater. 

5. The method of claim 1, Wherein the ?Xed-abrasive 
polishing article comprises a high removal rate ?xed-abra 
sive Web material. 

6. The method of claim 1, Wherein the second polishing 
composition further contains abrasive particles. 

7. The method of claim 1, further comprising altering the 
surface of the ?Xed-abrasive polishing article With a non 
mechanical technique selected from the group of applying 
heat to the polishing article, chemical etching the polishing 
article, or combinations thereof. 

8. A method for processing a substrate, comprising: 

providing a substrate comprising a ?rst dielectric material 
disposed on a second dielectric material, Wherein the 
surface of the ?rst dielectric material has a non-planar 
topography; 

polishing the substrate With a ?rst polishing composition 
and a ?rst ?Xed-abrasive polishing article to remove at 
least the topography of the ?rst dielectric material; 

polishing the substrate With a second polishing composi 
tion and a abrasive-free polishing article until bulk ?rst 
dielectric material is substantially removed; and 

polishing the substrate With a third polishing composition 
and a second ?Xed-abrasive polishing article to remove 
residual ?rst dielectric material formed thereon. 

9. The method of claim 8, Wherein the second polishing 
composition comprises an abrasive-containing polishing 
composition. 

10. The method of claim 9, Wherein the second polishing 
composition has a removal rate ratio of ?rst dielectric 
material to second dielectric material of betWeen about 1:1 
and about 5:1. 

11. The method of claim 8, Wherein the ?rst and third 
polishing compositions have a removal rate ratio of ?rst 
dielectric material to second dielectric material of about 30: 1 
or greater. 
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12. The method of claim 8, Wherein the ?rst ?xed 
abrasive polishing article comprises a hard resin ?xed 
abrasive Web material. 

13. The method of claim 8, Wherein the second ?xed 
abrasive polishing article comprises a high removal rate 
?Xed-abrasive Web material. 

14. The method of claim 8, Wherein the ?rst and third 
polishing compositions further contain abrasive particles. 

15. The method of claim 8, further comprising altering the 
surface of the ?rst or second ?Xed-abrasive polishing articles 
With a non-mechanical technique selected from the group of 
applying heat to the polishing article, chemical etching the 
polishing article, or combinations thereof. 

16. A method for processing a substrate, comprising: 

providing a substrate comprising a ?rst dielectric material 
disposed on a second dielectric material, Wherein the 
surface of the ?rst dielectric material has a non-planar 
topography; 

polishing the substrate With a ?rst polishing composition 
and a ?rst ?Xed-abrasive polishing article to remove at 
least the topography of the ?rst dielectric material; 

polishing the substrate With a second polishing composi 
tion and a second ?Xed-abrasive polishing article until 
bulk ?rst dielectric material is substantially removed; 
and 

polishing the substrate With a third polishing composition 
and a third ?Xed-abrasive polishing article to remove 
residual ?rst dielectric material formed thereon. 

17. The method of claim 16, Wherein the ?rst ?xed 
abrasive polishing article has a ?rst removal rate of the ?rst 
dielectric material. 

18. The method of claim 17, Wherein the second ?xed 
abrasive polishing article has a second removal rate greater 
than the ?rst removal rate of the ?rst dielectric material, and 
the third ?Xed-abrasive polishing article has a third removal 
rate greater than the ?rst removal rate of the ?rst dielectric 
material. 

19. The method of claim 16, Wherein the ?rst, second, and 
third polishing compositions have a removal rate ratio of 
?rst dielectric material to second dielectric material of about 
30:1 or greater. 

20. The method of claim 16, further comprising condi 
tioning the ?rst ?Xed-abrasive polishing article prior to 
polishing. 

21. The method of claim 16, further comprising condi 
tioning the ?rst ?Xed-abrasive polishing article during pol 
ishing. 

22. The method of claim 16, Wherein the ?rst, second, or 
third polishing compositions further contain abrasive par 
ticles. 

23. The method of claim 16, further comprising altering 
the surface of the ?rst, second, or third ?Xed-abrasive 
polishing articles With a non-mechanical technique selected 
from the group of applying heat to the polishing article, 
chemical etching the polishing article, or combinations 
thereof. 

24. A method for processing a substrate, comprising: 

providing a substrate comprising a ?rst dielectric material 
disposed on a second dielectric material, Wherein the 
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surface of the ?rst dielectric material has a non-planar 
topography; 

polishing the substrate With a ?rst polishing composition 
and an abrasive-free polishing article to remove at least 
the topography of the ?rst dielectric material; 

polishing the substrate With a second polishing composi 
tion and a ?rst ?xed-abrasive polishing article until 
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bulk ?rst dielectric material is substantially removed; 
and 

polishing the substrate With a third polishing composition 
and a second ?xed-abrasive polishing article to remove 
residual ?rst dielectric material formed thereon. 


